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Critical points: 

Xi, = 1.076 =1= 0.005 A, approximately = X^^; 

\x.2 = 0.935 ± 0.004 A, approximately = \y^; 

^£i> ^Li and Xi, are probably exactly equal to X^,, X^^ and X^, though 
more work is needed on this point. 

Intensity ratios: constant for any pair of lines of the same series, with 
changes in voltage, as far as they have been investigated. 
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THE EFFECT OF PHYSICAL AGENTS ON THE RESISTANCE 
OF MICE TO CANCER 

By James B. Murphy 

R0CKEEE1.1.BR Institute for Medicai, Research, New York City 

Read before the Academy, November 10, 1919 

The report which I wish to present today has to do with further progress 
in the work which I reported before the Academy in June, 1915. I will 
review that work briefly in order to orient you with the observations made 
since then. 

The fundamental point in immunity to transplanted cancer is that there 
are two types of resistance, the so-called natural and induced immunity. 
Mice may be rendered resistant by an injection of a quantity of homologous 
living tissue given at least a week or ten days befoi-e the cancer inocula- 
tion; this is called induced immunity. A variable proportion of mice 
inoculated with a transplantable tumor will be resistant; this is called 
natural immunity. The histological manifestation of resistance about 
an introduced cancer graft in these two types of immunity is the same and 
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is characterized by a lymphoid infiltration of the tissues around, and later, 
an actual invasion of the graft. 

We first showed that there was an actual increase in the circulating 
lymphocjrtes, accompanied by hyperplasia of the Ijrmphoid elements 
following cancer inoculation into immune animals. If this crisis was pre- 
vented by the destruction of the lymphocytes the immunity of the animal 
was destroyed. Furthermore, animals with tested immunity could be 
rendered susceptible by a similar destruction of the lymphocytes. The 
method we used for the destruction of the Ijmiphocj^tes was that of small 
repeated doses of X-rays. It was established that this procedure would 
practically deplete the animal of lymphoid tissue without apparent injury 
to other important structures and without detectable influence on the 
animal's general health. 

In the course of this investigation of the action of X-rays it was noted 
that while repeated small or a single large dose would destroy the lymphoid 
tissue, a single, small exposure to a ray of suitable quality would stimulate 
the lj'-mphoc3rtes. The stimulation was judged by the numbers of circu- 
lating lymphocytes and the state of activity of the germinal centers in 
the spleen and lymph nodes as indicated by the number of mitotic figures 
present. This method of increasing the lymphoid elements of the body 
was first used in an attempt to increase the resistance of mice to replants 
of their own spontaneous tumors. By this treatment we increased the 
resistance from 3.4% in our control series to 50% in the treated series. 
By a similar induced lymphocytosis we have been able to develop a re- 
sistance to transplanted cancers which compares most favorably with the 
immunity following tissue injection. The procedure here was to expose 
a number of mice to a stimulating dose of X-rays and then inoculate them 
with a transplantable cancer a week later, at the same time inoculating 
a series of controls. The following table gives the result of these experi- 
ments : 

SXPERIMENT NUMBER I 

Takes in X-rayed mice 25.0% 

Takes in control mice 77 . 8% 

We next turned our attention to finding other methods of producing 
Ijonphoid stimulation. Several agents have been found other than X- 
rays, but only one so far which gives a reaction extensive enough and of 
sufficient duration for experimental purposes. Dry heat ranging from 
55 to 65° C. applied to the whole animal for five minutes was found to 
produce a stimulation of the lymphocj^es and of lymphoid tissue of 
marked intensity, the increase in the number of lymphocytes persisting 
for a number of days. Mice treated in this manner and then inoculated 
with cancer a week later showed a striking degree of immunity as com- 
pared with the control animals inoculated with the same tumor at the 
same time. The following table gives the result of these experiments: 
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AVERAGB 


29.0% 


28.6% 


27.5% 


87.5% 


60.0% 


75.1% 
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EXPERIMENT NUMBER I II III AVERAGE 

Takes in heated mice 30.0% 30.0% 50.0% 36.6% 

Takes in control mice 77.8% 78.8% 94.5% 83.6% 

Number of mice used 20 33 54 Total 107 

The effect of heat stimulation was also tested on the resistance of mice 
with spontaneous tumors to replants of their own cancers. The result 
in this case was even better than that obtained with the small doses of 
X-rays. The heated mice had an immunity of 59.4% as compared with 
50% in the X-rayed series and 3.4% in the untreated animals. 

It will be noted that in our experiments with the transplanted tumors 
we made our transplantations one week after exposure to the heat or the 
X-rays. This time was selected at first because the greatest stimulation 
occurred then. Further experiments indicated that if animals treated 
by either of these methods were inoculated during the first two or three 
days after treatment there was either no immunity or very slight evidence 
of it. The following table illustrates this point : 

AVERAGE 

Takes in mice X-rayed 1 week before inoculation 27 . 7% 

Takes in mice X-rayed 1 to 3 days before inoculation 60 . 0% 

Takes in control mice 67 . 0% 

Takes in mice heated 1 week before inoculation 36.6% 

Takes in mice heated 1 to 3 days before inoculation 77 . 7% 

Takes in control mice 86 2% 

This observation offers a very interesting parallel with that on immunity 
induced by tissue injection. The immunity is non-operative during the 
first few days and is at its best between seven and ten days after the in- 
jection. It seems to me of considerable interest that we are able to in- 
duce the same degree of immunity by the use of physical agents as by the 
use of what we may call a biological agent. The points in common are: 
the lymphocytosis induced by the physical agents, which occurs normally 
after the use of the biological agent, and the latent period before the im- 
munity, become evident after the use of all three of the agents. 

Summary. — It was first shown that animals immune to transplantable 
cancer showed a large increase in the circulating lymphocytes after cancer 
inoculation. This reaction is accompanied by hyperactivity of the lym- 
phoid tissue of the spleen and lymph nodes. If the reaction is prevented 
by the destruction of the lymphoid tissue the immunity is destroyed, and 
the animal becomes susceptible to cancer inoculation. 

Two methods have been found whereby the lymphocytes may be 
markedly increased along with a heightened activity of the germinal 
lymphoid centers: (1) by exposure to diffuse, small doses of X-rays; and (2) 
by exposure to dry heat. The lymphocytosis and lymphoid hyperplasia 
induced by these two physical agents are associated with an immunity to 
transplanted cancer equally as great as that arising from tissue injections. 



38 CHEMISTRY: H. C. SHERMAN Proc. N. A. S. 

Furthermore, these methods are capable of increasing the resistance of 
mice to replants of their own spontaneous tumors. From the evidence 
at hand it seems then that the immunity aroused by these two physical 
agents has at least one other point of similarity to that induced by tissue 
injection, namely, a period of latency after the exposure before the immunity 
becomes evident. Whether the tissue injection, the small dose of X-rays, 
or the dry heat induce changes in the organism other than those associated 
with increase in the lymphoid tissue which would account for the im- 
munity, is impossible to state at the present time; but the evidence now 
at hand points at least to the lymphoid tissue as an important agent in 
the immunity reaction to transplanted cancer of mice. 

The work reported in this paper was carried out with the assistance of 
Herbert D. Taylor, John J. Morton, W. D. Witherbee, Waro Nakahara, 
and Bmest Sturm. 



THE PROTEIN REQUIREMENT OF MAINTENANCE IN MAN 

By H. C. Shbrman 
Department op Chemistry, Columbia University 
Communicated by W. A. Noyes, November 17, 1919 

During the past four years a number of experiments have been carried 
out to test the nutritive requirements of maintenance in healthy men and 
women, and the efficiency of diets derived chiefly from the cereal grains 
in meeting these requirements. In connection with this work the results 
of all available data from previous investigations which seemed to lend 
themselves to direct quantitative comparison, have been brought together. 

Probably the best present indication of the amount of protein or nitrogen 
actually required for the maintenance of the average adult is to be obtained 
by averaging the observed output of nitrogen in all available experiments, 
upon normal men and women, in which the energy value of the food was 
appropriate to the size and activity of the subject and the intake of nitrogen 
appears to have been just about sufficient to result in equilibrium of intake 
and output. Since a considerable and rather variable amount of time is 
required for the body to adjust its rate of nitrogen output to the rate of 
intake, it is probable that the "indicated protein requirement" obtained 
by averaging all available experiments will be somewhat greater than the 
minimum amount of protein on which the same subjects could actually 
have established and maintained equilibrium had the experiments been 
sufficiently prolonged. In other words, for the practical purpose of indi- 
cating how much protein the food must furnish in order to provide for 
adult maintenance such an average will err on the side of safety in that it 
may be expected to be appreciably above the minimum which would ac- 
tually suffice to keep normal individuals in equilibrium. Two other in- 



